Abstract. Ita Mai Tai is a large, locally uncompensated seamount on the eastern edge of the East Mariana Basin. A large positive grav ity anomaly of 254 mgal characterizes the summit and a low of -69 mgal, the surrounding moat. Using polygonal prisms to approximate the bathymetry, the observed gravity was inverted to calculate an av erage density of 2.59 g/em s for the seamount. Observed-calculated gravity residuals are reduced by including the flanking sedimentary basins and a dense volcanic conduit. The drill sites from DSDP Legs 20 and 89 describe a volcanic edifice formed in the Aptian!Albian on Jmassic/Cretaceous crust. The volcanism is recorded in volcanoclas tic and epiclastic deposits in the basins nearby. The guyot was covered initially by a succession of reefal and lagoonal sediments followed by a thick mantling of pelagic sediments after it subsided. Gravity models that adequately match the calculated and observed data sets for Ita Mai Tai show little crustal thickening, suggesting that Ita Mai Tai is almost completely locally uncompensated.
Introduction
A major goal in the application of the theory of plate tectonics in the Pacific has been determining the age and location of the oldest part of the Pacific plate. An attempt to reach this objective was made in 1971 when DSDP Leg 20 drilled Site 199 (Fig. 2 ) in the East Mariana Basin (Fig. 1) . It was anticipated that Jurassic lithosphere would be encountered [Larson, 1976; Hilde et aI., 1977; Shipley et aI., 1983; and others] . Unfortunately, deep water drilling difficulties prevented this primary objective from being reached, and an alternate site was chosen farther east in a duster of shallow seamounts between the Marshall and Magellan seamount chains (Fig. 1) . Three holes were drilled at Sites 200, 201 and 202 on one of these seamounts located at 12° 45'N, 156 0 45'E ( Fig. 2 ). This seamount was given the informal name Ita Mai Tai Guyot by Bruce Heezen which means "no damn good" in Tahitian [M. Tharp, pers. comm., 1984] , possibly because basement was not reached. A second unsuccessful attempt to reach Jurassic basement was made in 1982 when DSDP I,eg Keoki surveyed Ita Mai Tai (Fig. 2 ) and other charted and uncharted seamounts in the central and western Pacific collecting bathymetric, gravimetric, magnetic, petrologic and seismic reflection profiling data. The purpose of this study is to compile and analyze the geophysical data to determine the crustal structure of Ita Ma.i. Tai, its degree of isostatic compensation, and its tectonic history. In order to construct accurate density models it was necessary to have as much information as possible on the bathymetry, sediment distribution, and geology of Ita Mai Tai. Therefore, these topics will be discussed before the section on gravity studies.
Regional Framework
There is a striking dichotomy in morphology and structure between the Eastern Pacific and the Western Pacific (Fig. 1) . The picture in the Eastern Pacific seems relatively simple. The seafloor there is characterized by linear island chains with straightforward age pro gressions, large fraciure zones, and simple magnetic lineations. By contrast, the seafloor in the Western Pacific is a complicated collec tion of large clusters of seamounts and oceanic plateaus.
There have been several hypotheses advanced to explain the dis tribution of these western Pacific seamounts. The Wilson-Morgan "hotspot" hypothesis for the origin ofseamounts predicts linear chains with a progressive age offormation. A second hypothesis is that there was a period of mid-plate volcanism in the Cretaceous during which a widespread area of the western Pacific lithosphere was thinned by a large thermal event [Menard 1964; Schlanger and Premoli-Silva, 1981; Menard, 1984] . Seamounts formed by this mechanism would be ex pected to show a random distribution, simultaneous regional uplift, and variable paleolatitudes of formation. A third hypothesis is that these seamounts were formed near ridge crests and transform faults. The first and third hypotheses are not necessarily mutUally exclusive. (Iceland, the Galapagos and the Mid-Pacific Mountains are possible examples of both mechanisms at work). Seamounts formed near ridge :rests should have ages similar to the age of the crust on which they were erupted, a topography reflecting a rectilinear character, and be locally compensated.
Ita Mai Tai, a typical western Pacific seamount, is located on the eastern side of the Mariana Basin. The East Mariana Basin is bor dered by the Magellan Seamounts to the north, the Marshall Islands to the east, the Caroline Islands to the south, and the Mariana Trench to the west. The basin is also quite far from well defined magnetic anomaly lineations. The Japanese magnetic lineations are 1500 km to the northwest, the Hawaiian magnetic lineations about 1000 km to the northeast, the Nauru magnetic lineations almost 1000 km to the southeast, and the Phoenix magnetic lineations more than 1500 km to the east-southeast. The region between these lineations including the East Mariana Basin is characterized by low amplitude or ambigu ous magnetic lineations usually referred to as the Jurassic Magnetic Quiet Zone which make determining the age of seafloor near Ita Mai Tai a problem. Shipley et al. (1983) assumed a half spreading rate of 4.7 cm/yr and extrapolated from M-25 in the Phoenix lineations to estimate the age of the crust in the East Mariana Basin as Jurassic. Paleo magnetic data from DSDP sites 585, 289, and 462 indicate that the western Central Pacific had 4.5 cm/yr of northward drift between the Aptian and Campanian [Scientific Party, Leg 89, 1983] . Other au thors have also concluded that the oldest oceanic crust in this part of the western Pacific is Jurassic [Larson and Chase, 1972; Hilde et al., 1976] . However, Kroenke, in Hilde et aI. (1977) , has suggested that there was an episode of generally nodh-south intra-plate spreading starting 110 MyBP and that the crust presently beneath the East Mariana Basin is upper Cretaceous. The lowest section of Site 585 encountered late Aptian hyaloclastite-rich turbidite and debris flows from the surrounding subaerial volcanoes. This site stopped just short of sampling the oceanic basement, and thus there is still no direct ev idence for the age of the basin.
Seamount Morphology
The bathymetric map of Ita Mai Tai Guyot is shown in Figure  2 . Ita Mai Ta.i rises 4600 m from abyssal depths of around 6000 m to a minimum depth of 1402 m. The heigM is considerably greater than the average relief of 1 km found for a survey of 6530 Pacific seamounts [Udintsev and others, 1976] . The shape of the seamount is subconical. An 'L' shaped flank ridge extends to the west and turns to the south toward other seamounts in the chain. The basal diameter measures approximately 90 km and covers some 6400 km 2 , which is much greater than the mean of north Pacific volcanoes [Batiza, 1982] .
The summit area is quite uniform and &t. A break in slope occurs at about 2200 m below which the slope ofthe upper flanks is as steep as 35° • Gradually the slope decreases to average 9-10° on the lower flanks, a value comparable with that of subaerial volcanoes [Lonsdale and Spiess, 1979] . The northern and southeastern flanks are bordered by a shallow depression or moat as outlined by the 6100 m contour.
Sedimentary Basin Stratigraphy
The shapes and depths of the sediment filled basins to the north and southeast (Profiles A, B and C) ( HIG and DSDP Leg 89 airgun seismic reflection records. The shapes and depths of the pelagic cap units (Profile D) and the northern basin (Profile B) were determined from HIG airgun seismic reflection records. The locations of those profiles selected for this study are shown in Figure 2 . Profile A-A' (Fig. 3) is a complete transect of Ita Mai Tai from north to southeast. It includes a seamount 140 km to the north, a deep sediment filled basin to the north, and another basin to the southeast. The most interesting aspect of this profile is the apparent difference in the depths to acoustic basement in the two basins. The northern basin appears to be much deeper than the southeastern basin.
Profile B-B' (Fig. 4 ) completely crosses the northern basin shown on Figure 3 . The basin is approximately 73 km wide at this point and the sea floor is 6100 m deep. DSDP Site 585 is located about mid-point. The two-way traveltime through the sediments to the floor ofthe basin is appro'rimately one full second. Five lithologic units in the drilling record are depicted and labeled in the figure. The velocity of each of the lithologic units, their travel-times and maximum thicknesses, are based on closely spaced velocity and density measurements from the drilling record of Site 585 (Scientific Party, Leg 89, 1983) and are shown in Thble 1.
The unit thicknesses were independently estimated from HIG air gun seismic reflection records over the northern basin. Acoustic base ment begins at about 9 seconds of two-way traveltime or 6900 m. The sediments in the basin are about 900 m thick. The thickest layer, a section containing volcaniclastic turbidites and debris flows (Unit VI), is also the lowest (Fig. 4) . There is an especially strong reflector near 8.4 seconds that extends all the way across the section. This has been interpreted as the top of Unit II, where a large density contrast of 0.4 gm/cm 3 is encountered between recent clays and oozes and the Eocene chalks, limestones, cherts and ash beds.
Bright t--100 KM --t and which tend to obscure details below them (Fig. 4 ) are interpreted to be lava flows and sills. Similar flows have been described for the Ontong Java Plateau by Stoeser (1975) and Kroenke (1972) . If the sills in Unit II originated from Ita Mai Tai then the edifice must have been active during the deposition of Unit II. Unit VI is interpreted by the authors of this paper to be the main edifice building deposit because it is composed of volcanogenic sediments. The layer that lies on top of Unit II at Site 585 has also been interpreted as volcanogenic in origin, probably from other seamounts such as the one to the north. Profile C-C' (Fig. 5) crosses the southeastern basin. The width of the basin along track is approximately 100 km. This basin appears to be much shallower than the other, extending to only 8.4 seconds, or about 6300 m. Total sediment thickness contained in the south- eastern basin is about 300 m as opposed to 900 m in the northern basin. Again, there is evidence for sills near 8.3 seconds. However, these, and the bright reflector extending across the basin between 8.1 and 8.2 seconds of reflection time, may be obscuring the depth to true basement. Models for these scenarios are described in a follow ing section. Severai diapiric or piercement structures extend upward from the basement. One, in fact, stands above the surrounding sed iments on the seafloor. These may be intrusive volcaniform features related to the formation of the other seamounts in the vicinity. Their ages are unknown but are probably late Cretaceous because of the late Cretaceous radiometric age determinations of three other nearby seamounts (Scripps, Lamont, and Wilde) [Ozima et ai., 1977] .
Edifice Structure
There are five different acoustic layers or strata comprising the summit [Nemoto et ai., in prep., 1986] (Fig. 6) . The smooth and con tinuous uppermost layer is the pelagic cap which drapes the entire top of the structure except for the northernmost end and is thickest in the middle part of the profile. There is little or no sediment ev ident on the flanks. The second layer is a thin but bright reflector interpreted as hard oolitic limestone. This layer is spora.dically dis tributed, apparently occuring only where the pelagic sediments are thickest. Beneath this is a series of fiat-lying reflectors interpreted as lagoonal muds which are again thickest in the middle portion of the profile. The velocities, traveltimes, and maximum thicknesses for these uppermost three layers are given in Table 2 . The velocities of the pelagic and oolitic layers ate taken from Heezen et al., (1973) . The oolitic particle velocity was determined to be 3.83 kID/sec [Heezen and MacGregor, 1973] which is in good agreement with that determined by others [Press, 1966; Furumoto et al., 1970j. The interpretations of these layers and their thicknesses (Table 2 ) agree very well with Jones (1973) who used sonobuoy data to compute a velocity of 1.6 km/sec for the pelagic cap and 3.85 km/sec for the oolitic limestone. Below the lagoonal mud is the irregular top of two other components, the reef complex and the volcanic basement. The reef is not continuous across the profile but is indicated only on the ftanks where the reef community grew around the edges of the lagoon. The maximum thickness of the reef is 0.1 second of refiection time. The velocity as calculated by the method of Gregory and Kroenke (1982) ranges from 3.0-4.1 km/sec, giving a thickness of 150-205 m.
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The irregularity of the volcanic basement is probably due to erosion before the seamount became an atoll. Ita Mai Ta.i must have subsided a total of 2090 m which is comparable to other seamounts in the area such as Kwajalein (2000 m) and Enewetak (1900 m) [Jones, 1973] . Subsidence apparently was fast enough so that the seamount was not completely leveled, but not fast enough to prevent reefs and a lagoon from forming for a short time. The basement map [Nemoto et al., in prep., 1986] (Fig. 7) shows the aerial extent of the erosional remnants of the original volcano. It is not difficult to imagine looking at an aerial photo of a present day analog, Tahiti for example, and seeing the volcanic remnants standing above the lagoon and the fringing barrier reef.
The foregoing interpretations of the seismic reftection records are based on copies of the DSDP Leg 89 analog shipboard seismic reilec tion records [R. Moberly, pers. comm., 1985] . Whitman (1985) has independently interpreted the digitally collected seismic data of the Leg. The essential points of our interpretations agree with hers.
The post-eruptive depositional history of Ita Mai Tai is well recorded in the drilling record from Site 202 (Fig. 2) . A 75 m thick Globigerina sand and sandstone of middle Eocene and early Pliocene age overlies 35 m of lagoonal oolitic limestone of indeterminate age. Below this is a layer of lagoonal coraliferous mud at least 45 m thick containing a few fragments of basalt and feldspar indicating that the volcanic basement is close to outcropping in this area Hesse, 1973] .
Neither the reef complex nor the basement were directly sampled in any of the DSDP holes. However, a number of dredges taken by the R/V Kana Keoki in 1981 did sample the reef outcrop, the lagoonal deposits, as well as slump or terrace deposits.
Gravity
The configuration ofthe free-air gravity anomaly over the seamount is shown in Figure 8 . Generally, the shape of the anomaly follows the .,.,., directly below the seamount (Fig. 12b) . The crust-mantle density contrast was assumed to be 0.5 g/cm a . To achieve the final models, two slightly different approaches were used to achieve the final models. Model B assumes identical sed iment bodies to the north and southeast (Fig. 12b) , although the southeastern basin was not directly sampled, and 1.0 km of crustal ilickeuing beneath the seamount (body 12, Fig. lOb) . The calculated and residual anomalies are shown in Figure lIb . The maximum dif ference between the observed and calculated along the northern track is about 25 mgal. A cross sectional profile of the observed and the calculated gravity anomalies is shown in Figure 12a . The goodness of it parameter is 4.87 [Richards et al., 1967] , showing that the model adequately describes the observed anomaly. Model C is very similar to model B except that there is one less 5ediment body in the southeastern basin, indicating a shallower depth to acoustic basement, and crustal thickening of 1.5 km which extends easterly to the edge of the model (Fig. 13b) . The plan view of the prisms is shown in Figure 10c . Figurea lIe and 13a show the calcu lated and residual anomalies. Like model B, the maximum residual is about 25 mgal, along the northern track. The goodness of fit is 4.96, slightly better than model B.
The difference between the two models' calculated anomalies is neg ligible. Both adequately explain the observed data. The seismic data however would seem to give more credibility to model C with its shal lower southeast basin, because it does not require that opaque layers (lava. flows, sills, etc.) mask deeper sediments. However, model C does require the assumption of an abrupt change in crustal thickness.
Thus, Ita Mai Tai appears to be almost completely uncompensated locally. This rather dense seamount is, in effect, perched on oceanic crust 6-7.5 km thick causing at most only 1.5 km of crustal down warping. The lack of isostatic compensation in Ita Mai Tai may be the result of mid-plate eruption on thick inelastic lithosphere with little or no sill injection into the crust.
Conclusions
Ita Mai Tai first erupted during the Aptian/Albian and possibly again during the Eocene. The volcanism is recorded in volcaniclastic deposits in the basins north and southeast of Ita Mai Tai. Gravity models suggest that Ita Mai Tai is a large locally uncompensated seamount that only requires an addition of 1.5 km of crustal thick ening. As the oceanic lithosphere moves away from the ridge crest, it cools and thickens so that its effective elastic thickness is increased (Watts and Ribe, 1984) . Mid-plate seamounts formed on old seafloor are often associated with long wavelength, high amplitude gravity anomalies, thick effective elastic thicknesses, and the absence of lo cal isostatic compensation. Kellogg et al. (this volume) described an empirical equation relating isostatic compensation and the age of loading t (My B P) of seamounts:
Compensation(%) 68 -5.6to. 5 Thus, the lack oflocal compensation (10%± 13%, J. Freymueller and J. Kellogg, in prep.) probably resulted from eruption on thick oceanic lithosphere that Was at least 30-40 m.y. old and perhaps 100 Ill.y. old. In other words, the oceauic crust under Ita Mai Tai is probably early Jurassic to early Cretaceous in age.
